Background: Diabetes mellitus (DM) is a common endocrinopathy in cats. Most affected cats suffer from a type of diabetes similar to type 2 diabetes in humans. An increasing prevalence has been described in cats, as in humans, related to obesity and other lifestyle factors.
D
iabetes mellitus (DM) is a common endocrinopathy in cats, and the prevalence reportedly has increased during the last few decades, 1 comparable to the globally increasing prevalence described in humans. 2 Most cats suffer from a type of diabetes similar to type 2 diabetes in humans, characterized by a relative deficiency of insulin combined with insulin resistance, in contrast to the primary beta cell deficiency seen in human type 1 diabetes. Similarities between cats and humans include common risk factors that cause insulin resistance, such as obesity, increasing age, and physical inactivity, as well as similar pathologic findings with beta cell loss and deposition of pancreatic islet amyloid. [3] [4] [5] [6] [7] Several studies have reported breed predispositions for DM in cats; in particular, the Burmese breed seems to be overrepresented. [8] [9] [10] In humans, ethnic differences in the incidence of type 2 diabetes are well documented. 11 Current estimates of the worldwide occurrence of DM in cats are scarce. Published data are based on hospital records, 1, 6, 10, 12 submissions to laboratory services 9 , or insurance data. 8 An increase in hospital prevalence from 8 cases per 10,000 cats in 1970 to 124 per 10,000 in 1999 was reported using tertiary care data in the United States. 1 Insurance data have been used previously to estimate the prevalence of DM. 8 A benefit of using insurance databases for estimating disease frequency is that the population at risk is known, thus allowing estimation of disease incidence, which is comparable among populations. Moreover, the considerable size of the insurance database usually allows stratifications by age, breed, and sex. 13 The database held by Agria Pet Insurance has been used previously to describe patterns of mortality and morbidity in cats, and it also has been validated for this use. [13] [14] [15] Approximately 36% of the Swedish cat population (an estimated 1,160,000 individuals) has veterinary care insurance, 16 and Agria Pet Insurance a is the largest insurance company for pets in Sweden.
The aim of this study was to provide populationbased information on the occurrence of DM in cats in a large Swedish population of insured cats, including incidence rates (IR) in the whole cohort and stratified by year, age, breed, and sex.
Materials and Methods

Study population
All cats with veterinary care insurance by Agria Pet Insurance at any time during the years 2009-2013 were included in the study. With the veterinary care insurance, the pet owner is reimbursed for costs exceeding the deductible for veterinary treatment in case of disease or accident. Although we had access to data from 2008, we decided to exclude cats with a claim for DM during that year to decrease the risk of including prevalent cases of DM in the analysis. Cats were at risk from either January 1, 2009 or the start date of insurance (if later), and until the first date of diagnosis of DM, death, or withdrawal from insurance.
Breeds were classified according to 41 breed codes. Breeds that were considered closely related were combined as follows: Abyssinians and Somalis were combined to "Abyssinian"; Burmese and Burmilla to "Burmese"; Cornish and German Rex to "Cornish/ German Rex"; Devon Rex and Sphynx to "Devon Rex/Sphynx"; Persians and Exotic shorthairs to "Persian/Exotic"; Siamese, Balinese, Foreign White, Javanese, Oriental shorthair, and Seychellois to "Oriental breeds"; and Siberian cat and Neva Masquerade to "Siberian". "Domestic cats" included domestic shorthair and longhair cats.
Sex was recorded as either male or female, because reliable information on neutering status was not available in the database. Cats were assigned to their age category on January 1st of each year (0-1, 1-2 years, etc.).
Diagnostic classification
The diagnosis underlying each insurance claim was assigned by the attending veterinarian based on a standardized system with approximately 8,000 diagnostic codes. 17 We included 4 diagnostic codes used for cases of DM (diabetes mellitus, diabetes mellitus without complication, diabetes mellitus with complication, and diabetes mellitus with ketoacidosis). The date of the first claim of DM was used as a proxy for DM onset. Cases, thus were only counted once.
Data analysis
Variables used in this study included birth date, breed, sex, date of start, and renewal of insurance, date of withdrawal from insurance, and diagnostic codes for veterinary care insurance claims. Incidence rate calculations were performed using the first event of DM as the numerator, and the exact time at risk as the denominator. Standard errors multiplied by a factor of 1.96 yielded 95% confidence intervals (CI). Incidence rate ratios (IRR) were used to compare the incidence rates between groups, mainly comparing breed-and sex-specific rates. Each breed was compared to all the cats minus the breed of interest. For comparisons between the purebred cats, each breed was compared to all purebred cats minus the breed of interest. Confidence intervals for the IRRs were calculated using Eq. 1 where the straight lines denote the lower and upper limits of the IRR and the hats denote the point estimates of IRR and standard deviation (SD):
A 95% CI for the IRRs not including the null value of 1 was considered evidence to conclude that the groups were statistically significantly different from other cats. Age in the population at risk was calculated as mean age AE SD per breed and in the whole cohort as of January 1st of each study year and during the whole study period. Age at the first identified event was described using mean age AE SD. In addition, age-standardized rates per breed were constructed to adjust for age differences among breeds. Breed-specific incidence rates and age-standardized rates were ranked from high to low, and the ranking orders were compared. To what extent insurance was continued after DM diagnosis was expressed as median time and quartiles, and the percentage with continued insurance for ≥4 years after diagnosis of DM in the year 2009 was calculated. Data handling was performed using SAS (version 9.3).
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Results
Study population
During 2009-2013, the total number of insured cats was 504,688 contributing 1,229,699 CYAR. Purebred cats contributed 282,340 CYAR (23% of total CYAR), domestic cats 944,487 CYAR (77%), and cats of unknown breeds 2,872 CYAR (<1%). Male cats contributed 635,627 CYAR and female cats 594,073 CYAR. Contributed CYAR per breed is shown in Table 1 . Figure 1 shows contributed CYAR in the study population by age category. Mean age in the whole population at risk was 5.5 (AE4.1) years, and the mean age differed among breeds. Lowest mean age was found among the Siberian cats with 2.6 (AE2.4) years, and the highest in the European Shorthairs with 9.9 (AE4.5) years. CYAR, cat-years at risk; DM, diabetes mellitus; IR, incidence rate; CI, confidence interval.
Diagnostic classification
Eighty-seven percent of the cases were diagnosed as DM, 3% as DM with complication, 4% as DM without complication, and 6% as DM with ketoacidosis. There were no significant differences between the purebred cats and the domestic cats with regard to the diagnostic classification when comparing IRRs between groups.
Incidence rates of diabetes
Overall. The IR of DM in the whole cohort was 11.6 cases per 10,000 CYAR (95% CI, 11.0-12.2). The IRs were similar across study years (Table 2) .
Age. Mean age at diagnosis was 10.7 (AE3.1) years, and did not differ between male (10.6 AE 3.1 years) and female cats (10.8 AE 3.3 years). The mean age at diagnosis per study year varied from 10.4 (AE3.1) in 2012 to 10.9 (AE3.2) years in 2009 ( Table 2 ). The IR of DM was close to zero in younger cats, and started to increase at about 6 years of age (Fig 1) . The IR peaked at 13 years of age.
Breed. The IR of DM differed across breeds. The Burmese, Russian Blue, Norwegian Forest cat, European Shorthair, and Abyssinian breeds had higher IRs of DM compared to other cats ( Table 1) . The IRR for DM in Burmese cats compared to all other cats was 4.3 (95% CI, 2.9-6.0; Fig 2) , and 5.2 (95% CI, 3.6-7.6) if compared only to other purebred cats. The IRR for Russian Blue cats compared to all other cats and other purebreds, respectively, was 3.8 (95% CI, 2.1-6.4) and 4.5 (95% CI, 2.6-7.7); for Norwegian Forest cats 1.9 (95% CI, 1.5-2.3) and 2.5 (95% CI, 1.9-3.2), and for Abyssinians 1.8 (95% CI, 1.0-3.2) and 2.1 (95% CI, 1.2-3.7). The Bengal, Siberian, Ragdoll, Birman, British Shorthair, Persian, and Maine Coon breeds all had lower IRs compared to all other cats (Table 1) , with IRRs indicating a lower risk of DM (Fig 2) , and when compared only with other purebreds the lower risk remained for all but the Maine Coon breed. The domestic cats had an IR of 12.1 cases per 10,000 CYAR (95% CI, 11.4-12.8), and the purebred cats had an IR of 10.2 (95% CI, 9.1-11.4). The IRR for domestic cats compared to purebreds was 1.2 (95% CI, 1.0-1.3).
In the age-standardized data set, the increased risk for European Shorthairs was no longer apparent. Instead, the Devon Rex/Sphynx breed group was ranked as the third highest IR of DM. The Maine Coon and Siberian breeds also moved from low-risk breeds in the general data set to an IR of about average in the age-adjusted data set. The Burmese, Russian Blue, Norwegian Forest cat, and Abyssinian breeds remained at an increased risk of DM also in the age-adjusted data, and the Bengal, Birman, Persian, Ragdoll, and British Shorthair breeds remained as low-risk breeds.
Sex. The IR of DM was higher for the male cats (15.4 cases per 10,000 CYAR; 95% CI, 14.4-16.4) than for the female cats (7.6 cases per 10,000 CYAR; 95% CI, 6.9-8.3) in the whole population, with an IRR for male cats compared to the females of 2.0 (95% CI, 1.8-2.3). This increased risk of DM for male cats was seen in most breeds, with a significantly increased risk for male domestic cats, European Shorthairs, Norwegian Forest cats, and Cornish/German Rex cats. An exception was observed for the Burmese breed, where a similar risk for males and females was seen, with an IR for male Burmese cats of 52.1 (95% CI 28.0-76.1), and for females 45.2 (95% CI, 21.5-68.9).
Continuation of insurance after DM claim
Nineteen percent of the cats diagnosed with DM during 2009 retained their insurances for ≥4 years. The median time for continuing insurance after diagnosis in 2009 was 1.1 years, with the lower quartile at 0.6 years and the upper quartile at 3.4 years.
Discussion
In this large insurance register-based study, we were able to estimate the incidence of DM in cats and to stratify results by age, breed, and sex. We confirmed previous studies on the predisposition to DM in the Burmese breed, and also extend these findings to describe an increased risk, as well as a decreased risk, in several different breeds. Furthermore, we found that the commonly reported male overrepresentation was not seen in Burmese cats.
Several cat breeds with an increased risk of feline DM were identified. The Burmese breed exhibited a 5-fold increased risk of DM as compared to other purebred cats. The Burmese predisposition in our study verifies previous results from European 8 and Australian 9, 10 studies. A Burmese breed predisposition has not been found in the United States. 1, 6 A reason for this difference may be that the European and American Burmese breed lines have been kept separate for decades, and thus represent two different populations. 19 Another possible explanation is that too few purebred cats were included in the previous studies 1, 6 to be able to detect breed predispositions. The reason for the Burmese cats having an increased risk of developing DM is still unknown, but a dyslipidemia reflecting an inborn error of lipid metabolism has been described in the breed. 20 Studies have shown a proportion of Australian Burmese cats to have fasting hypertriglyceridemia and an exaggerated postprandial triglyceride response after an oral fat tolerance test. 21 Moreover, apparently healthy Burmese cats have been shown to have higher fasting glucose concentrations and lower glucose tolerance than non-Burmese cats matched by age and body condition score. 22 Furthermore, lean Burmese cats have been shown to have decreased adiponectin concentrations, similar to the concentrations observed in obese cats, suggesting they may be in a prodromal obese metabolic state. 23 In the same study, lean Burmese cats also had aberrations in their cholesterol lipoprotein fraction profiles, similar to those of obese cats. 23 In humans, certain ethnic groups with a high propensity for obesity and type 2 diabetes have lower adiponectin concentrations compared to other groups, and this difference was not explained by differences in percent body fat among groups. Instead, the degree of hypoadiponectinemia seemed to be more related to the degree of insulin resistance and hyperinsulinemia than to the degree of adiposity. 24 The dyslipidemia and insulin resistance observed in Burmese cats, thus may be related to the increased risk of DM in the breed. Additional investigations are needed to unravel the underlying genetic risk factors to the dyslipidemia and predisposition for DM in this breed.
Three previously unreported high-risk breeds for DM (the Russian Blue, Norwegian Forest cat, and Abyssinian) were identified in our study. A previous study using insurance data to report the prevalence of DM 8 did not detect significant differences among individual breeds, aside from a higher risk for the Burmese cats. The larger population included in our study may have contributed to the fact that breed variations were detected. The high-risk breeds identified in this study, including the Burmese, do not seem to be closely related or share a common ancestry, and the level of inbreeding also varies among breeds. 19 All 4 breeds were at increased risk in both the general and the age-adjusted data sets. Moreover, domestic cats had a higher risk of DM as compared to purebred cats, but the difference was small. Furthermore, our study identified several breeds with a lower risk of DM. The Bengal, Birman, Persian, Ragdoll, and British Shorthair cat breeds all were less prone to develop DM in our study, in both the general and the age-adjusted data, as compared with all other cats as well as compared with other purebred cats. Low-risk cat breeds for DM to our knowledge have not been reported previously.
Diabetes mellitus is a disease seen most frequently in older cats, with a mean age of diagnosis at approximately 11 years in this case material, which is consistent with the results of the previous studies. 1, 6, 10 Our results demonstrate that the risk of developing DM continues to increase with age, with a peak risk at 13 years of age. Furthermore, our data indicate that the incidence seems to decrease at older ages. At the same time, the population at risk also decreases, making statistical evaluation less reliable in this geriatric group. Possibly, owners may choose elective euthanasia rather than treatment, and therefore no claim for the veterinary care insurance will be registered and consequently cases may be missed. Possibly also, the occurrence of DM may actually decrease because the presence of overweight and obesity decreases in geriatric cats. 25 Because age is a risk factor for DM, we also standardized our data to adjust for age differences among breeds. With the standardized age rates, the European Shorthair breed was no longer at increased risk for DM. Mean age in this breed group was higher compared to other breeds, explaining the high IR in the general data set. On the other hand, the Devon Rex/Sphynx breed group showed an increased risk of DM in the age-adjusted data set, whereas the Maine Coon and Siberian breeds changed from low-risk to average risk breeds. In the age-adjusted data, the Burmese, Russian Blue, Norwegian Forest cat, and Abyssinian breeds still remained at an increased risk of developing DM. The Bengal, Birman, Persian, Ragdoll, and British Shorthair breeds remained at low-risk in the age-adjusted data set.
Our findings support previously published data on sex predilection, with an increased risk of DM in the male compared to the female cats. 1, 6, 8, 10 The male predisposition to DM also was significant in several individual breeds (e.g., European Shorthair, German/ Cornish Rex, and Norwegian Forest cats), as well as in the domestic cats. The increased risk of DM in male cats may be related to 2 factors. First, male cats are predisposed to obesity, 25 a major risk factor for DM, and secondly, male cats tend to have lower insulin sensitivity than female cats. 26 The male predilection for DM interestingly was not evident in the Burmese breed, in concordance with other studies. 8, 9 The equal risk for developing DM in male and female Burmese cats may reflect different genetic risk factors for the increased risk of developing DM in this breed compared to other breeds.
A shortcoming of our study is the lack of information on neutering status. Neutering has been recognized as a risk factor for DM in both male and female cats. 1, 6, 8 Neutering alone does not seem to decrease insulin sensitivity, but rather increases the risk of obesity. Neutered cats gain weight more easily compared to intact cats, [27] [28] [29] and subsequent weight gain leads to decreased insulin sensitivity. 26, 30 Therefore, according to these studies, it is the increased risk of obesity after neutering that appears to be the contributing factor to the increased occurrence of DM in neutered cats. 8, 31 However, other studies show conflicting results and it remains unclear whether male or female cats are more prone to weight gain after neutering. 27, 29, 32 In Sweden, more than 80% of all cats are neutered, with somewhat more male cats (88%) neutered compared to female cats (73%). 16 Because obesity is one of the major risk factors for DM in cats, 4 and the incidence of obesity is a growing problem in the cat population, 33 an increase in the incidence of DM in cats could be anticipated. However, no increase in the incidence of DM was evident in our data during the period of 2009-2013. A possible explanation for the lack of increase in incidence in our study is the relatively short study time period of 5 years, which can be compared to a previous study showing an increased prevalence of DM based on data from several decades. 1 Previous studies reporting occurrence of DM have been based on insurance data 8 or hospital records, 1,6 and may not accurately reflect the incidence of the disease, as the measurement of prevalence is affected by case survival. Moreover, awareness and knowledge about the disease, better prognosis, as well as willingness of both owners and veterinarians to diagnose and treat diabetic cats, together with an increasingly older cat population, are likely to be at least partly responsible for the increase in prevalence reported in previous studies.
The diagnostic codes used in this study were assigned by the attending veterinarian, and agreement between veterinary records and the database has been evaluated previously and found to be fair. 15 A DM event in our insurance database, thus likely represents a true case. However, some cats presenting with stress hyperglycemia might have been falsely misdiagnosed, and cases also may have gone undetected. In order to be visible in the database, the cost of the veterinary care event must be high enough to reach the deductible. For example, cats euthanized at the time of diagnosis may not always be visible as cases in the insurance database. As a consequence, not all cases will be registered, leading to an underestimation of the true incidence.
Another possible disadvantage of our study is the risk of cats diagnosed with DM before the study period appearing as incident cases in our material. Because we had access to the data from 2008, we decided to exclude cats with a diagnosis of DM during that year to decrease the risk of including prevalent cases. The potential bias of including prevalent cases may impact the estimated mean age at first event, as well as the agespecific IRs, and also the incidence per year. The problem is anticipated to be most important during the first study years. The mean age was slightly higher during 2009 compared with subsequent years, which would indicate some cases falsely appearing as first events during the early study period.
Another possible limitation of this study is the fact that a smaller proportion of the domestic cats compared to the pedigree cats are insured. In our data, the purebred cats contributed to 23% of CYAR, which is higher than the proportion of pedigree cats of nearly 10% in the whole Swedish population. 16 It is also unknown to what extent insured cats are typical of all Swedish cats, or of cats in general. Insured cats may be more highly cared for and have increased access to veterinary care, and insured cats may thus may represent a healthier population compared to uninsured cats.
Other limitations of this study include lack of information about environmental risk factors such as diet, activity, body condition score, and other factors that are unavailable in the database, but could influence the risk of developing DM. Moreover, the continuation of insurance as a proxy for survival is not optimal because information about the exact time of death or why owners choose to cancel their insurance is not always available or validated in the database. However, 19% of the cats remained insured for at least 4 years after diagnosis.
In conclusion, our study identified several previously unreported breeds associated with either increased or decreased risk of developing DM. We also were able to confirm the previously known Burmese breed predisposition for DM. The lack of male overrepresentation in the Burmese breed, clearly seen in other breeds, indicates that different genetic risk factors are responsible for the increased risk of developing DM in this breed, which warrants further investigation. No evidence of an increasing incidence of DM in cats during the years 2009-2013 was detected. 
